ABSTRACT. Glutathione S-transferase (GST) protects cells against oxidative stress. We evaluated the effect of genetic polymorphisms of the GST gene family on the risk of developing type-2 diabetes mellitus and on glycemic control. We also investigated the effects of smoking combined with these polymorphisms on type-2 diabetes mellitus risk. We enrolled 100 type-2 diabetes mellitus patients and 100 healthy controls matched for age, gender and origin, from the Sinai area of Egypt. Fasting serum glucose, HbA 1c and lipid profiles were determined. Two polymorphisms were identified by multiplex PCR within the GST genes: GSTM1 and GSTT1. The proportion of the GSTT1-and GSTM1-null genotypes was significantly greater in diabetic patients when compared to controls. Patients carrying both null polymorphisms had a 3.17-fold increased risk of having type-2 diabetes mellitus compared to those with normal genotypes of these two genes (P = 0.009). Additionally, patients with the GSTT1-null genotype had higher levels of triglycerides and very low-density lipoprotein cholesterol compared to those with the ©FUNPEC-RP www.funpecrp.com.br Genetics and Molecular Research 10 (4): 3722-3730 (2011) Influence of GST polymorphisms on type-2 DM risk 3723 GSTT1-present genotype. On the other hand, patients with the GSTM1-null genotype had significantly higher levels of HbA 1c and significantly higher diastolic blood pressure compared to those with the GSTM1-present genotype. The interaction between these genotypes and smoking status was not significant. These results give evidence that the GSTT1-and GSTM1-null genotypes, alone or combined, are associated with increased risk of type-2 diabetes mellitus, regardless of smoking status.
INTRODUCTION
Diabetes has become an epidemic and remains a major public health issue. In 2010, it was estimated that 4.787 million Egyptians (10.4 % of the Egyptian population) had diabetes and that diabetes will increase to 8.615 million Egyptians by the year 2030 (Shaw et al., 2010) .
Oxidative stress is defined in general as excess formation and/or insufficient removal of highly reactive molecules such as reactive oxygen species (ROS) (Maritim et al., 2003) . ROS contribute to the pathogenesis of various chronic diseases, including diabetes mellitus (Baynes, 1991) . Pancreatic β-cells have emerged as a putative target of oxidative stress-induced tissue damage, and this seems to explain in part the progressive deterioration of β -cell function in type 2 diabetes mellitus (T2DM) (Gorogawa et al., 2002) .
Endogenous antioxidant enzymes exist to inactivate ROS. One of these enzymes is glutathione S-transferase (GST), which carries out a wide range of functions in cells: removal of ROS and regeneration of S-thiolated protein (as consequences of oxidative stress) and conjugation with endogenous ligands, as well as reactions in metabolic pathways not associated with detoxification (Sheehan et al., 2001) . As a phase II biotransformation enzyme, GST catalyzes the conjugation of reduced glutathione (GSH) to electrophilic centers on a wide range of substrates (Douglas, 1987) .
In humans, glutathione-S-transferases supergene family (GST; EC 2.5.1.18) have been assigned to at least eight separate classes designated alpha, mu, kappa, omega, pi, sigma, theta and zeta, which are encoded by the GSTA, GSTM, GSTK, GSTO, GSTP, GSTS, GSTT, and GSTZ genes, respectively (Hayes and Strange, 2000) .
Several GST polymorphisms have been associated with an increased or decreased susceptibility to several diseases. Deletion polymorphisms in the GSTM1 and GSTT1 genes, as important members of the GST family, result in complete lack of GSTM1 and GSTT1 proteins (Pemble et al., 1994) . Recently, the GSTT1 null genotype or both the GSTT1 and GSTM1 null genotypes have been shown to be a genetic risk factor, namely interacting with current-smoking status, for the development of type 2 diabetes and its cardiovascular complications (Doney et al., 2005; Hori et al., 2007) .
The present work aimed to study the influence of the genetic polymorphisms of the GST gene on clinical parameters of T2DM in order to add to the existing knowledge of the genetic basis of the disease in the Egyptian population. Additionally, genotyping may help in the early diagnosis and management of T2DM.
MATERIAL AND METHODS

Subjects
The study groups included 100 patients with type 2 DM (45 men, 55 women) who were diagnosed according to the American Diabetes Association criteria (American Diabetes Association, 2007) and 100 healthy controls (53 men, 47 women). All patients and controls were unrelated individuals from the Egyptian Sinai area. Fasting blood specimens were collected. Hypertension was defined as a systolic blood pressure (BP) ≥140 mmHg, a diastolic BP ≥90 mmHg, or both. Current smoker was defined as a subject who continued to smoke cigarettes regularly. The present study was conducted according to the principles of the Declaration of Helsinki, and all patients provided written informed consent, following a protocol approved by the Suez Canal University Research Ethics Committee. Comparisons were performed by the Student t-test and the chi-square test. Data are reported as means ± SD. *Significant differences between groups (P < 0.05).
Genomic DNA extraction and genotyping
Genomic DNA was isolated from 100 mL whole blood collected in EDTA anticoagulated tubes using the Wizard genomic DNA purification kit (Promega, Madison, USA). GSTM1 and GSTT1-null alleles were analyzed using a multiplex PCR reaction with beta globin as an internal control. PCR amplifications were performed in a total volume of 25 μL containing 50 ng genomic DNA, 1X PCR buffer, 3 mM MgCl 2 , 400 μM dNTPs, 1.5 U Taq polymerase (Promega) and 4 μM of each primer as follows: GSTM1 forward primer 5'-GAACTCCCTGAAAAGCTAAAGC-3', reverse primer 5'-GTTGGGCTCAAATATACGG TGG-3', GSTT1 forward primer 5'-TTCCTTACTGGTCCTCACATCTC-3', reverse primer 5'-TCACCGGATCATGGCCAGCA-3' and β-globin forward primer 5'-CAACTTCATCCAC GTTCACC-3', reverse primer 5'-GAAGAGCCAAGGACAGGTAC-3'. Thermal cycling conditions were as follows: an initial denaturation step at 95°C for 5 min, 35 cycles at 94°C for 1min, 60°C for 1min and 72°C for 1 min, and a final extension step at 72°C for 5 min. The amplification products were size separated on 2% agarose gels and visualized by ethidium bromide staining. GSTM1 & GSTT1 genotypes were determined by the presence and absence (null) of bands of 210 bp and 480 bp, respectively, with an internal control of 260 bp. Using this genotyping assay of GSTM1 and GSTT1, the null genotypes can be clearly categorized, but the heterozygote and homozygote positive genotypes could not be differentiated (Shaikh et al., 2010) (Figure 1 ). Figure 1 . PCR products analyzed on 2% agarose gel. The presence or absence (null) of GSTM1 and GSTT1 was detected by the presence or absence of a band at 480 bp (corresponding to GSTT1) and a band at 210 bp (corresponding to GSTM1). β-Globin is considered an internal control (260 bp). 50 bp ladder Lane 1; GSTM1 and GSTT1 wild type Lane 4; GSTM1 null Lanes 1-3, 5, 6, 8, 9 ; GSTT1 null genotype Lane 7.
Statistical analysis
Statistical analyses were performed with the SPSS ver. 17 software package. The relationship between GSTT1 and GSTM1 genotypes and risk of T2DM was assessed by the means of the odds ratio (OR) with 95% confidence limits calculated by logistic regression. GSTT1 and GSTM1 genotypes were classified as either null (homozygous deletion) or non-deleted. Data are expressed as mean ± S.D. Frequencies of categorical variables were compared by the χ 2 test. Associations of genotypes with biochemical findings were evaluated by the two-way the Student t-test. Multiple regression analysis was used to adjust for confounding factors. P < 0.05 was taken as indicative of significant differences.
RESULTS
Clinical variables
One hundred subjects (45 male and 55 female) were diagnosed as having type 2 DM. Comparisons were made between diabetic subjects and their age-and gender-matched control subjects (53 male and 47 female). The relevant characteristics of the subjects studied are shown in Table 1 . Among all clinical characteristics of diabetics, only serum fasting glucose, HbA 1c , BMI, TG, systolic blood pressure and diastolic blood pressure levels showed a significant association when compared to controls (Table 1) .
Distribution of the GST genotypes and combination of the genotypes in the subjects
In diabetic patients, the frequencies of GSTT1-null and GSTM1-null genotypes were 35 and 62%, respectively. Meanwhile, in the control samples, the frequencies of GSTT1-null and GSTM1-null genotypes were 21 and 47%, respectively. The proportion of the GSTT1-null and GSTM1-null genotypes increased in diabetic patients when compared to controls (P = 0.027 and P = 0.033, respectively) ( Table 2 . Distribution of single and double combination of GST genotypes in the study population.
Comparisons were performed by the chi-square test. *Significant differences between groups (P < 0.05).
The incidence of both present genotypes occurring together was associated with decreased risk of having type 2 diabetes relative to the either or both null genotypes. The combination of the two high-risk genotypes either GSTT1-null or GSTM1-null, was associated with a 2.68-fold increased risk relative to the both present genotypes (P = 0.002) and the incidence of both null polymorphisms occurring together was associated with a 3.17-fold increased risk of having type 2 diabetes relative to the both present genotypes (P = 0.009) ( Table 2) .
Genetic polymorphism influence on clinical parameters
We further investigated the clinical parameters accompanying high risk genotypes (GSTT1-nu ll or GSTM1-null) compared to non-risk genotypes (GSTT1-present and GSTM1-present genotypes) in diabetic patients. In cases of GST1-null genotype, there were higher levels of triglycerides and VLDL-C compared to the GSTT1-present genotype (P = 0.042 and P = 0.037, respectively) ( Table 3 . The relationship between GSTT1 genotype and different clinical parameters in diabetic patients.
Comparisons were performed by the Student t-test and the chi-square test. Data are reported as means ± SD. *Significant differences between groups (P < 0.05).
In cases of the GSTM1-null genotype, there were higher levels of HbA 1c and diastolic blood pressure compared to GSTM1-present genotype (P = 0.027 and P = 0.02, respectively) ( Table 4) . On the other hand, the frequency of the GSTT1 and GSTM1 genotypes did not differ between the diabetes subjects and the non-diabetic ones, and the interactive effect between the genotypes and smoking status was not significant. The GSTT1-null and GSTM1-null genotypes were an independent risk factor for type 2 diabetes, regardless of smoking status. Comparisons were performed by the Student t-test and the chi-square test. Data are reported as means ± SD. *Significant difference between groups (P < 0.05).
DISCUSSION
Diabetes mellitus is one of the most common chronic diseases in nearly all countries; the number of people with diabetes is increasing due to population growth, aging, urbanization, and increasing prevalence of obesity and reduced physical activity (Wild et al., 2004) . It is estimated that Egypt will be listed in the top 10 countries with the highest numbers of people with diabetes in 2030, reflecting anticipated changes in the population size and structure in Egypt (Wild et al., 2004) .
Oxidative stress plays a major role in the pathogenesis of T2DM (Stephens et al., 2009) . β-cells are particularly sensitive to ROS because they are low in antioxidant factors such as glutathione peroxidase, catalase and SOD. Therefore, increased oxidative stress may not only result from hyperglycemia associated with diabetes, but may also have an important causal role in β-cell failure and the development of insulin resistance and T2DM (Stephens et al., 2009) .
Glutathione S-transferase (GST) modulates the effects of various cytotoxic and genotoxic agents. GST, along with other antioxidant enzymes, such as Se-dependent GPx1, provides the cell with protection against a range of harmful electrophiles produced during oxidative damage to membranes (Hayes and McLellan, 1999) .
GSTs constitute one of the major components of the phase II drug metabolizing enzyme and antioxidant systems (Wang et al., 2006) . Therefore, there is an increasing interest in the role that polymorphisms in phase I and phase II detoxification enzymes may play in the etiology and progression of diseases. Polymorphisms reducing or eliminating these enzyme detoxification activities could increase a person's susceptibility to diseases including T2DM. We thus determined the polymorphism frequency for each of these enzymes in our study populations and looked for relationships between them and the clinical parameters in type 2 diabetics.
There are many studies dealing with GST polymorphism in various diseases, but only a few studies have addressed the role of GST polymorphisms in diabetes and in glycemic control. In the current study, we attempted to move beyond single gene polymorphism to two-gene polymorphisms that may help predict the susceptibility to the incidence of T2DM and their effect on glycemic control in the Egyptian population in the Sinai area.
The deletion polymorphisms of GSTT1 and GSTM1, which are associated with abolished enzyme activity (London et al., 2000) , have been associated with type 2 diabetes mellitus when compared to control subjects (Hori et al., 2007; Wang et al., 2006) .
The results presented herein showed significantly higher frequencies of GSTM1 and GSTT1 polymorphisms (P = 0.033 and P = 0.027 respectively) in T2DM patients compared to healthy controls ( Table 2 ). The control group had a polymorphic frequency of 47 and 21%, respectively. This is close to the respective frequencies reported for Spanish (49.7 and 20.5%; Garte et al., 2001) , Turkish (51.9 and 17.3%; Ada et al., 2004) , Italian (46.9 and 19%; D'Alò et al., 2004) and Caucasian (48.8 and 19.9%; Gsur et al., 2001) control populations. These finding may be explained by the fact that Egyptians belong to the Mediterranean race.
Wang and colleagues (2006) performed a study on Chinese type 2 diabetic patients investigating the polymorphism of GSTT1. They found that the GSTT1-null genotype was observed in 61% of patients versus 51% of controls. Their study suggests that the GSTT1-null genotype contributes to the development of type 2 diabetes mellitus. Our study showed a significant difference in the frequencies of the GSTT1-null mutations between the patients and the control group (35 vs 21%, respectively).
The GSTT1-null genotype conferred a statistically significant 0.49-fold increased risk of T2DM relative to the present genotype of the GSTT1 gene, that is, the individuals are not capable of detoxifying the products of oxidative stress.
On the other hand, we found 62% homozygosis for the GSTM1 deletion in diabetics and 21% in the control subjects (P = 0.03). This frequency was in accordance with Bid and colleagues (2010) . The presence of the GSTM1-null genotype seems to increase the risk of having T2DM by 0.54-fold.
Moreover, we found significant differences between the GSTT1-present and GSTM1-present and either or both null genotypes of diabetics; we found significant differences (P = 0.002 and P = 0.009 respectively) when compared to the control subjects. These results support the notion that GSTT1 and GSTM1 cooperatively play a protective role against the development of type 2 diabetes mellitus.
We also attempted to evaluate the association of GSTM1 (present, null) and GSTT1 (present, null) genotypes with different clinical and biochemical parameters including sex, serum fasting blood glucose levels, HbA 1c , lipid profiles and blood pressure in diabetic subjects. Our study showed significant differences in both triglycerides and VLDL-C for GSTT1, which was in agreement with Wang et al. (2006) , who suggested that GSTT1-null has an effect on blood lipids. We did not observe any significant effect of GSTT1-null on glycemic control.
Meanwhile, our study showed significant differences in HbA 1c and diastolic blood pressure for GSTM1. These results are in agreement with a previous report by Bessa et al. (2009) , who concluded that the GSTM1-null genotype may be helpful in identifying individuals at high risk for essential hypertension in the Egyptian population. Conversely, Delles et al. (2008) did not find an association between GSTM1 gene variants and hypertension. This discrepancy could be due to differences in ethnic, genetic and environmental background of the population studied. These results also suggested that GSTM1-null has an effect on glycemic control.
In conclusion, our study suggests that the GSTT1 and GSTM1 genes, alone or combined, have an influence on the risk of having type 2 diabetes mellitus. All together, these results suggest that GSTT1 and GSTM1 cooperatively play a protective role against the development of type 2 diabetes mellitus regardless of smoking status. There is an association of GSTM1 (present, null) and GSTT1 (present, null) genotypes with different clinical and biochemical parameters. Only GSTM1-null has an effect on glycemic control.
